Homegardens are defined as less complex agroforests which look like and function as natural forest ecosystems but are integrated into agricultural management systems located around houses. Study on the factor effecting on diversity of plant resource in homegardens is paramount important to improve productivity and sustainability. Previous studies related to homegradens analysis are conducted using ordination techniques (e.g. Principal Component Analysis, Correspondence Analysis). In this study we introduced the application of Self-Organizing Map (SOM) a type of Artificial neural networks (ANNs) to analyze the effects of socioeconomic variable and homegardens characteristic toward diversity of plant resource, and to investigate the spatial configuration occurring within homegardens. The inter-relationships among the socioeconomic variable and homegardens characteristic were extracted and interpreted using the pattern analysis visualized in component planes. Sequential agglomerative hierarchical nonoverlapping (SAHN) clustering techniques was also used to verify results obtained from SOM by using the unweighted pair grouping method with arithmetic-mean (UPGMA). Ten homegardens were identified from SOM U-Matrix and each of the homegardens was investigated for their horizontal and vertical profile. 
Introduction
Homegardens (also spelled "home gardens") are defined as less complex agroforests which look like and function as natural forest ecosystems but are integrated into agricultural management systems located around houses (Mapongmetsem et al., 2012) . Homegardens are also classified as a small type of agrobiodiversity (also known as agricultural biodiversity) but highly diversified ecological niches (Galluzzi et al., 2010) , which comprises of variability and varieties of plants, animals and microorganisms that are important in maintaining critical functions of the agricultural ecosystem (FAO, 1999a) . The varieties of the plants are composed by trees, shrubs and herbs in association with annual and perennial agriculture crops (Fernandez & Nair, 1986) , which all of the plants are located and organized in different vertical structure and configuration (Mustafa et al., 1996; Akinnifesi et al., 2010; Carvalho et al., 2013; Abebe et al., 2010; Gbedomon et al., 2016) . Homegardens are mainly intended to grow and produce food items for family consumption (Galhena et al., 2013) but also were regarded as a staple crop production base (Maroyi, 2009; de la Cerda and Mukul., 2008; Alam, 2011; Coomes and Ban, 2004) , besides contribute to household economic well-being through additional income generated from the sale of homegardens products (Eyzaguirre & Linares, 2010; Torquebiau, 1992; Trinh et al., 2003) . Homegardens consist of variety of plant species that have some medicinal value which can be used to treat various illnesses and diseases besides to improve health conditions in a cost effective manner (Millat-e-Mustafa et al., 2002; Rugalema et al., 1994; de Clerck and Negreros-Castillo, 2000; Ramli et al., 2015) .
The resemblance of homegardens to forests incur that they provide multiple environmental and ecological benefits. Homegardens serve as sink of carbon that contributes to climate change mitigation through enhanced carbon sequestration (Verchot et al., 2007) . The rich diversity and the dense distribution of plant resource denote extraordinary features of homegardens ecology. Homegardens provides an ideal environment for small mammals, birds, reptilies and insects (Christanty, 1990) ), besides contributes to a highly efficient nutrient cycling (Gajaseni and Gajaseni, 1999; Seneviratne et al., 2010) and protect the soil from erosion (Hochegger, 1998; Karyono, 1990) . Due to the importance and benefits provided by these systems, several studies have been undertaken to investigate homegardens. The early studies are started on 1930s by the Dutch scholars Ochse and Terra on mixed gardens in Java, Indonesia (Ochse and Terra, 1934) . Then, the studies are expanding to the other tropical areas in Central and South America (Mendez et al., 2001; Aguilar-Stoen et al., 2009 ), South and South-East Asia (Ali, 2005; Abdoellah et al., 2006) , Africa (Faber et al., 2002; Thompson et al., 2010) and also in temperate region (Bassullu and Tolunay, 2010; Reyes-Garcia et al., 2012) focusing on species inventories (Sujarwo and Caneva,2015; Mekonen et al., 2015; Milow et al.,2013 , Srithi et al., 2012 , its functions (Ijinu et al, 2011; Tanjang and Arunachalam, 2009 ), structural characteristics (Gbedomon et al., 2016; Thompson et al., 2010) , management (Ferdous et al., 2016; Mekonen et al., 2015) , socio-economic aspect (Motiur et al., 2006; Mohan et al., 2006) , ecological aspect (Junqueira et al., 2016; Mattsson et al., 2013) and cultural relevance (Alam et al., 2010; Howard, 2006) . Apparently, most of the studies in homegardens are using multivariate method. The most well-known and widely-used are including Principal Component Analysis, Correspondence Analysis and Cluster Analysis (e.g., Blanckaert et al., 2004; Albuquerque et al., 2005; Huerta and Wal, 2012; Parra et al., 2012; Gbedomon et al., 2015) . Conventional multivariate methods are somewhat limited for interpreting the non-linear and complex dynamic nature (Wang et al., 2014) . Artificial neural networks (ANNs) are essentially a mathematical model constructed by simulation of the structure and function of human brain neural networks (Erb 1993; Agatonovic--Kustrin and Beresford, 2000) should be a convenient alternative tool to traditional statistical methods. Artificial neural networks have been carried out in an effectively manner in the fields of pattern recognition, modeling, and control (Haykin, 1999) . ANN has found applications in fields like medicine, biology, engineering, economics, and agriculture.
Developed by Teuvo Kohonen (Kohonen,2001), Self-Organizing Map (SOM) is one of the most popular unsupervised neural network models, which simultaneously performs a topology-preserving projection from the data space onto a regular two-dimensional grid (Kohonen, 1990) . The main computing steps of SOM include construction of data set, data preprocessing, initialization and training of input data and visualization and analysis of the correlated results. SOM been applied to handle high dimensional data including engineering, agriculture, health, environment management and remote sensing image classification. In agriculture, SOM has been applied for detection of potential alien pests (Vanninen et al., 2011) , land cover identification (Tasdemir & Wirnhardt, 2012) , soil analysis (Merdun, 2011) and predicting losses of agriculture induced by typhoon (Chiang et al., 2012) . It also reported that SOM been used to assess the importance of farm ponds to the aquatic biodiversity (Ruggiero et al., 2008; Cereghino et al., 2008) , detection and identification of plant species (Tyystjarvi et al., 1999) , detection of apple mealiness (Moshou et al., 2003) and detection of "yellowrust" disease in wheat (Moshou et al., 2004) . In Malaysia, SOM has been used in agricultural rice pest management (Hasan and Sap, 2010) . However, to our best knowledge application of SOM in the study of homegardens are not reported.
Spatial analysis is concerned with the geographic space, that is, observations that correspond to locations in space that capture their proximity in the real world and the visualization data in the form of maps (Freitas et al., 2012) . The emphasis of spatial analysis is to measure properties and relationships, taking into account the spatial localization of the phenomenon under study in a direct way (Camara et al., 2004) . These analysis has gain a lot of attention when the availability of Geographic Information System (GIS) and been used in many field of study including medicine, environmental, biology, economic and agriculture. The application of spatial analysis also been reported in the study of homegardens focusing on vertical and horizontal structure. Several studies have paid special attention to the variation of plant species in different layer and configuration constituting home gardens (e.g., de Clerck and Negreros-Castillo, 2000; Fernandes and Nair, 1986; Gajaseni and Gajaseni, 1999; Abebe et al., 2010; Méndez et al., 2001) .Understanding the spatial distribution of plant resource in homegardens is essential for their developing models as sustainable agriculture and better management.
The aim of this study is to explore the structure and spatial configuration of tropical homegardens in Malaysia, to understand the effect on socioeconomic feature and homegardens characteristics to the diversity of plants resource using SOM and SAHN clustering method. To our best knowledge the combination application of SOM, SAHN and spatial analysis have not been reported in literature and can be considered novel.
Method

Location
Tropical homegardens of a village in Peninsular Malaysia was selected to carry out this study. The village, known as Kampung Masjid Ijok, is located in Selama District, in the state of Perak (Figure 1 ). The climate is tropical with temperature between 28 o C to 32 o C. The village is accessible by road and the nearest town, Batu Kurau, is only 20 km away and Taiping town as about 35 km. The village area is occupied by forests (hills and reserve forest), rubber and oil palm small holdings and homegardens. Surrounding with three hills (Bukit Chop to the southwest is 320 meter high, Bukit Ganding to the southeast is 680 meter and Bukit Panji to the northwest is 300 meter) and Bintang Hijau reserve forest to the northeast is 1520 meter high are made this village a strategic location for homegardens research. The average annual rainfall is about 2,000mm -2,500mm. The main economic activities in the village are rubber tapping, petty trading, and collection and selling of homegarden products such as mango, durian, mangosteen and rambutan besides forest products such as Parkia speciosa Hassk., Pithecellobium bubalinum (Jack)Benth., Archidendron jiringa (Jack)I.C.Nielsen and Baccaurea motleyana Hook. f. These products are usually sold to middle-men who subsequently sold them to buyers in larger towns such as Taiping, Ipoh and Penang. This village has several public facilities such schools, mosque, playgrounds, an agricultural office, sub-district office and a clinic. 
Data and Data Analysis
Data in this study was obtained through inspections and semi-structured interviews with 40 homegarden owners from 2013 to 2014 which were selected randomly. During the visits, useful plant species in homegardens were recorded and photographed. Also recorded were local names, habits, uses, number of individuals of each useful plant species. The data were used to calculate Shannon Index and Evenness Index.
The Shannon index was calculated based on the following formula.
where, p is the proportion (n/N) of individuals of one particular species found (n) divided by the total number of individuals found (N), ln is the natural log, Σ is the sum of the calculations, and s is the number of species. Evenness index is the distribution of individuals among species.
The index is calculated based on the following formula.
where H is the number derived from the Shannon index. S is the number of species in the homegarden. Besides continuous variables, categorical variables used in this study are size of homegardens and socioeconomic information. Homegarden boundary of homegarden areas that was used to calculate areas was as told by their owners. Homegarden perimeters were obtained manually with a measuring tape. Homegarden shapes were polygonal and the formula used to calculate homegarden areas depended on their shape. When necessary a homegarden was divided into several polygons and its area was calculated as the sum of its polygon areas (Brouwer et al., 1992) . Socio-economic information of the homegardens owners were gathered during the semistructured interviews. Socio-economic information that were gathered were the age of the homegardens owner, gender, highest level of education attained, main source of income, total income and number of members of the household. Other information homegarden that were also obtained from the interviews were ownership status (on traditionally inherited land, on land acquired through purchase, as part of rented property). Summary statistics of the continuous variable and categorical variable are used in this study given in Table 1 and Table 2 respectively. Size of homegardens (m2) (1 = Small, 2 = Medium,3 = Large)
SOM Development
The present study has utilized the Self Organizing feature Maps (SOM) to ordinate socioeconomic and homegardens input variables with respect to diversity of plant resource based on the Shannon diversity index and Evenness index. The distance between the inputs variables were calculated through Euclidean distance and were visualized as distance matrix (U-matrix). SOM analysis reduces dimensions by producing a 2D map and the data will be grouping together based on their similarity. The SOM consists of two layers: an input layer formed by a set of nodes or neurons, and an output layer formed by nodes arranged in a two-dimensional grid ( Figure 2 ). Every node in the input layer is represented as vector (x i ) and is connected to each neuron (j). The connections between neuronal layers are represented by weights (w ij ), whose values represent the strengths of the connections. When an input vector is sent through the network, each neuron in the network computes the distance between the weight vector and the input vector. Among all the output neurons, the one having the minimum distance between the weight and input vectors is chosen and known as winner neurons. The weights of both this winner neuron and its neighboring neurons are then updated to further reduce the distance between the weight and the input vector according to the SOM learning rules as follows:
where w ij (t) is a weight between a node i in the input layer and a node j in the output layer at iteration time t, α(t) is a learning rate factor which is a decreasing function of the iteration time t, and h jc (t) is a neighborhood function (a smoothing kernel defined over the lattice points) that defines the size of neighborhood of the winning node (c) to be updated during the learning process. This learning process is continued until a stopping criterion is met, usually, when weight vectors stabilize or when a number of iterations are completed. After the learning process, a SOM configures the output neurons into a topological representation of the original data using a self-organization process (Kohonen, 1990) .
In this study, a data matrix was created using data on 15 variables (including Shannon and Evenness index) in each homegarden. The matrix contained 40 columns (representing 40 homegardens) and 15 rows (representing 15 variables). SOM was run by Neural Network Toolbox in MATLAB Ver. (R20013, MathWorks) (Matlab Release 2013a). Unified distance matrix (U-matrix) and Component Plane (CP) are two types of SOM visualization in 2-D hexagonal grid nodes map. The distance between the adjacent neurons is calculated and presented with different colorings between the adjacent nodes (Kohonen, 1989) . Dark area in the U-matrix represent a frontier region between clusters, and light areas represent a high degree of similarities among neurons on that region, clusters. Individual component plane maps provide clear visualization of the different input variables and correlations among variables can be detected by viewing the colored pattern for each component planes. A darker shade corresponds to larger ordinal values, a grey shade represents a medium ordinal value and a lighter shade represents a low ordinal value of operation sequence. Quality of the result map of SOM can be determined through quantization error (QE) and topographic error (TE). QE exhibits the average distance between each data vector and its "best matching unit" (BMU), and thus measures map resolution. TE represents the proportion of all data vectors for which 1st and 2nd BMUs are not adjacent, and is used for the measurement of topology preservation (Céréghino and Park, 2009) . The best map is expected to be yield the smallest average quantization error (Malek et al., 2018) .
SAHN Clustering
The Sequential agglomerative hierarchical non-overlapping clustering techniques (SAHN) is a prominent example of hierarchical cluster analysis (Day & Edelsbrunner, 1984; Murtagh & Contreras,2012) . These approaches start with singleton clusters and iteratively merge two clusters with minimum dissimilarity until only one cluster remains (Kriege et al 2014) . The intercluster dissimilarity is determined by a linkage strategy and based on the dissimilarity of the objects contained in the clusters (Kriege et al 2014) . The single, complete, average, median, centroid, and Ward linkage methods are well-studied and widely used (Murtagh, 1985) . Introduced in 1958 (Sokal & Michener, 1958 , average linkage analysis, usually referred to as UPGMA (Unweighted Pair Group Method with Arithmetic Mean), is arguably the most popular hierarchical clustering algorithm among other linkage strategy been used by many researchers (Milow et al., 2013; Srithi et al., 2012; Blanckaert et al., 2004; Singh et al 201; Gehre et al., 2016; Esposito et al., 2016) . This method uses the mean similarity across all cluster data points and is a particularly practical algorithm owing to the stability of the arithmetic mean (Loewenstein et al., 2008) . The present study has utilized the SAHN and UPGMA linkage strategy to clustering homegardens based on the socioeconomic and homegardens input variables. It receives as input a set of elements and a dissimilarity matrix which contains pairwise distances between all elements, and returns a hierarchy of clusters on this set. It starts by initializing a singleton-cluster for each element in the set, and then follows the closest-pair hierarchical clustering scheme. In each such iteration the distances from the new cluster to all other clusters are computed via the reduction formula. The distance between the input variables were calculated through Euclidean distance and the result were presented by leaf-labeled tree structures known as dendrograms or rooted phylogenetic trees. SAHN cluster analysis was performed using statistical program NTSYSpc version 2.02 (Rohlf, 1998)
Spatial Analysis
Ten homegardens were selected from SOM and SAHN cluster analysis. Spatial data recorded were; a) coordinates of the homegardens from geographical positioning system (taken within 1 m from the front door of each house), b) horizontal and vertical profile of homegarden plants and the identity of homegarden plants. Certain house features (e.g. height, lay-out) were also taken to facilitate in the homegarden illustrations. Plant heights were obtained either by direct measurement using measuring tape or calculated using trigonometry. The former method was only possible for shrubs. The latter method has to be used for trees and the readings for the calculation were obtained using SNDWAY Laser Distance Meter or clinometer. The horizontal profile or spatial configuration of homegardens was determined by mapping out the plant species based on four locations namely house front (HF), house rear (HR), house side (HS), and pot (POT).
Result
A total of 207 species of useful plants distributed among 169 genera and 78 families were recorded from homegardens in Kampung Masjid Ijok. Detailed information of these plants are shown in Table 3 . Musa paradisiaca L. recorded the highest frequency of 85%. This was followed by Cocos nucifera L. (80%), Nephelium lappaceum L. (77.5%), Capsicum frutescens L. (75%), Carica papaya L (75%), Cymbopogen citratus (DC.) Stapf (72.5%), Mangifera indica L (72.5%), Curcuma domestica Valeton (67.5%), Garcinia mangostana L (62.5%), Manihot esculenta Crantz (62.5%), Lansium domesticum Corrêa (55%) and Areca catechu L (52.5%). Twelve species of useful plants in the homegardens have been also to occur in the wild such as nearby forests. These are Scorodocarpus borneensis (Baill) Becc, Eurycoma longifoli Jack, Calamus manan Miq, Garcinia cambogia (Gaertn.) Desr, Aquilaria malaccensis Benth, Nepenthes gracilis Korth, Zingziber zerumbet (L.) Smith, Baccaurea macrocarpa Müll.Arg, Etlingera megalocheilo (Griff.)A.D.Poulsen, Parkia speciosa Hassk, Pithecellobium bubalinum (Jack) Benth and Archidendron jiringa (Jack)I.C.Nielsen. At the family level, Euphorbiaceae, Araceae, Fabaceae, Arecacea, Malvaceae, Zingiberaceae and Rutaceae demonstrated the highest species composition of useful plants in homegardens with 13 species, 11 species, 10 species, 9 species, 8 species (Malvaceae & Zingiberaceae) and 7 species respectively. In term of habit, shrubs dominated the plant resource found in all homegardens with 42.03%, followed by tree (29.47%), herb (23.67%) and climber (4.83%). 43.3% of the useful plant species are exclusively used as food. 27.8% and 24% of the species were respectively used exclusively as ornamental and medicine. The remaining 4.9% of the plant species have other uses apart from food, medicine, and ornamental. These are grouped under the category miscellaneous.
Summary statistics of homegarden attributes and the household head socio-economic data that were used as input variables to construct SOM and SAHN are shown in Table 1 and Table 2 . Figure 3 illustrates SOM component planes generated using input variables from Table 1 and  Table 2 (Table 1) . SAHN clusters generated from input variable (Table 1 and Table 2 ) produced two big clusters where 38 of the homegardens falls into either one of the two clusters. SAHN clusters are made to match with the SOM U-matrix by cutting the former at Euclidean coefficient 4.301. The SOM U-matrix ( Figure 5 ) generated using input variables from Table 1 and Table 2 indicate at least seven clusters. The boundary of each of the seven clusters is colored red in Figure 5 that corresponds to clusters from SAHN clustering method (Figure 4 ) in which Cluster 1 (HG2-HG16-HG33-HG18-HG35-HG38-HG20-HG25-HG28-HG32), Cluster 2 (HG6-HG11-HG22), Cluster 3 (HG4-HG27-HG14-HG39), Cluster 4 (HG19-HG26-HG29-HG34-HG40), Cluster 5 (HG3-HG7-HG15-HG13-HG31), Cluster 6 (HG8-HG21-HG12-HG9-HG10-HG37-HG23) and Cluster 7 (HG24-HG30). Homegardens (HG1, HG5, HG17, and HG36) do not fit into the seven clusters in the U-matrix and SAHN.
Homegardens were polygonal in shape with four to five sides. Each homegarden area can be spatially distinguished by its location relative to the side of the house that faces it. Hence, each homegarden area are distinguished into (1) house front (HF) which is facing the house main door; (2) house rear (HR) which facing the opposite end of house front; (3) house side (HS)-which facing either the left or right of the house. Homegarden plants were either grown on landed ground or in pots (POT) (4). Most of the ornamental plants are grown in pots in house front (HF), while food and medicinal plants are found in house rear and house side.
All ten homegardens selected from SOM and SAHN clustering showed layer ranging from two to five layers (strata). Although the numbers of layer are varied, three out of ten homegardens namely HG13, HG17 and HG37 contained five layers that started at ground level and rose to 20m or more to the dominant tree stratum. The herbaceous stratum or ground stratum started on the homegardens floor rose to 1m and was comprised of annual and perennial herbs, creepers and lower shrub. The second stratum, the shrub stratum, was from 1m to 5m and was comprised of shrub. The third stratum, the understory stratum (5m-10m), was dominated by fruit tree. The canopy layer was the tall tree stratum which rose from 10 to 20m. The fifth layer namely emergent layer was the last stratum and only contained two species of plants such as Durio zibethinus and Melia excelsia. 
Shannon Index
Discussion
The total of species recorded in the present study is higher than recorded by similar study by Milow et al., (2011) on plant resource of another village in the state of Perak where the villagers are mostly paddy farmers. The number of species in families of plants found in homegardens in the present study showed an agreement with the species diversity in family reported for other tropical homegardens. Milow et al., (2013) indicates that Euphorbiaceae, Leguminosae and Zingiberaceae are three most diverse families of plants in homegardens of the Orang Asli in Negeri Sembilan. Saikia et al., (2012) also noted that Euphorbiaceae had the highest number of species followed by Moraceae and Poaceae in homegardens of Upper Assam, India. Akinnifesi et al., (2010) reported that the most common plant families in urban homegardens of a city in Northern Brazil were Arecaceae, Caesalpinaceae, Anarcadiaceae, Poaceae, Bignoniaceae, and Mimoseae. The highest Shannon diversity index recorded in this study was in agreement with other tropical homegardens. The Shannon diversity index also known as Shannon-Wiener index (H) (Shannon and Weaver 1949) is the most common measures of biodiversity, which is derived from information theory (Mendes et al, 2008) . The index has been widely used in the last fifty years and they are appealing because they summarize, in a single number, a partial description of species richness (S) and species evenness (E) (Mendes et al, 2008) .Thus, they make simple comparisons of samples possible (Hubalek, 2000) . The value of Shannon Weiner Diversity Index usually falls between 1.5 and 3.5, only rarely it surpasses 4.5 (Bibi and Ali, 2013) . Comparison of Shannon Index value of useful plants in homegardens between different localities is summarized in Table 4 . It shows species diversity of useful homegarden plants varies between localities regardless of their proximity. Homegarden size and soil property are suspected to be the contributing factors. Nonetheless, the Shannon Index value for useful homegarden plants of Kampung Masjid Ijok lies well within the index value range for useful homegarden plants in other localities.
Evenness is a measure of the relative abundance of different species making up the richness of an area. It may be defined as "the degree to which the abundances are equal among the species present in a sample or community" (Molinari, 1989) . The evenness index is typically on a scale ranging from near 0, which indicates low evenness or high single-species dominance, to 1, which indicates equal abundance of all species or maximum evenness (Routledge, 1980; Alatalo, 1981) . The present study shows the evenness index ranging from 0.774 to 0.96902 indicated homegardens in Kampung Masjid Ijok is species richness and the individuals over species are equally distributed. According to Fernandes and Nair (1986) the species distribution in homegardens is determined by a few factors, including socio-economic factor, market demands as well as environmental factors and dietary habits.
This study shows that SOM, with the aid of SAHN clustering technique, can be used to visualize relationships between socioeconomic factor and homegarden variables with respect to diversity of plant resource based on the Shannon diversity index and Evenness index. Results of SOM techniques prove its ability to visualize these relationships with lowest quantization and topographic errors approximately were 0.00 and 0.04. SOM result showed that the size of homegardens is one of the main factors affecting the diversity of plant resource in homegardens. The large homegardens (indicated in light colour in component planes), coincides with high values of Shannon diversity index and average value of evenness index. This indicates that large homegardens contains high species of plant resource and the individuals over the species are averagely distributed. Moreover, the large homegardens are also contained high species of food, medicinal and ornamental plants as per visualized in SOM component planes. This finding is also in agreement with the report by Mekonen et al., (2015) which indicated that useful plant species diversity is high when the size of homegarndens is increases. The Brazillian homegardens also shows higher species diversity associated with large homesteads (Albuquerque et al., 2005) . A study conducted in southern Ethiopia (Abebe, 2005) also revealed that the size of homegardens is correlated with the diversity of plant resource, whereby the increases size of homegardens, so does the diversity of plant species. Socioeconomic status and livelihood conditions may impact the species composition in the homegardens. Results obtained from SOM in this study indicate that income and source of income of homegarden head of household is negatively correlated to the diversity index. Homegardens owner who were work as a rubber tapper and get less income (indicated in dark color in component planes) shows high values of both Shannon diversity index and evenness index (indicated in light color in component planes). They planted their homegardens with diverse of food and medicinal plants and Musa paradisiaca (Banana) is the most dominant plant found in their homegardens. The bananas are sold to the middle man as an extra source of income. Studies in other region also indicated the same finding which reported that homegardens be able to support food system (Buchmann, 2009; Cabalda et al., 2011; Kumar and Nair, 2004) , mitigate economic hardship and provide additional income for households (Drescher et al., 2006; Méndez et al., 2001; Schupp and Sharp, 2012; Smith et al., 2013) . Level of educations among homegardens owner irregularly distributed with no obvious trend as shown in component planes. Whitney et al., (2017) also reported that farmers" education had no significant effect on homegarden crop diversity.
Results obtained from SOM in this study indicates that gender, total member in a household, homegarden status and other land properties did not shows an obvious pattern to the diversity of plant resource in homegardens. However, in the literature it has been reported that gender have an important role in the management of homegardens and thus affecting its biodiversity. Ahmad et al., (1980) reported that certain group of plants, especially commercial crops which including fruit trees and coconut are managed by men, while other groups (tubers, spices, vegetables, ornamentals) are managed by women. Moreover, it has been reported that women have much role in the cultivation of medicinal plants, use and herbal preparation. In Nicoya, Costa Rica, it was noted that although men and women had equal knowledge of the part used, women had greater knowledge of medical species, the forms of preparation and application than men (Ochea et al, 1999; Howard, 2006) . In Tanzania, men harvest fuel and fodder tree, while women harvest fodder grasses and herbs (Fernandes et a.l, 1984) . Besides, SOM component planes also indicates that homegardens owner who aged more than 50 years old show high diversity of plant resource compared to the younger owner. This trend also been reported by other studies (Gbedomon et al., 2015; Avohou et al., 2012) . Young people tend to be selectively use and manage plants of interest (Gbedomon et al., 2015) and produce plants with attractive market value and the diversity of plant within their homegardens would continuously be adapted to local market demand (Avohou et al., 2012 ).
An application of SOM techniques prove its suitability to be an extremely powerful tool for identification the effect of socioeconomic factors and homegardens variable towards diversity of plant resource. Number of clusters identified from SOM Umatrix and SAHN clustering method were consistent with each other proved that computing method and traditional conventional method produced the same result but different visualization output. Both of them have their own strength and it is evident from this work that it is possible to combine them for better understanding in the study of homegardens. SOM U-matrix has an ability to view the cluster in hexagonal color code but SAHN output display in dendogram unit. SAHN has an advantage of resolving any obscure clusters produced from SOM.
Even though the maximum layered (emergent layer) was measured in this study, but only two species of plants can reached this layer. It has been reported by the homegardens owner that both the Durio zibethinus and Melia excelsia are located in the gardens before the current homegardens owner took place from their ancestors. It is learnt that the age of the plants to be more than 90 years old. Aziz et al., (2017) reported that height of Durio zibethinus tree or also known as Durian among local community are ranged from 10 to 25 meter. Likewise, Melia excelsia can reach up to 50 meter as per recorded by Joker (2000) . The multi-layered vegetation structure among the homegardens studied offers many benefits and advantages as been reported by other researchers. Among the benefits were including favorable microclimate, reduced risk of pests and diseases, efficient use of resources, year-round availability of products and soil fertility maintenance. Thus, plant species diversity in homegardens considered as contributing substantially to the sustainability of the system (Soemarwoto and Conway, 1991; Torquebiau, 1992) . All the 10 homegardens studied spatially distinguished by its location into four configurations relative to the side of the house that faces it. Ornamental plants are mostly concentrated close to the house especially in front and the side of the house, while edible and medicinal plants are found at rear of the house. This finding is an agreement with the homegardens in other tropical country (Blanckaert et al., 2004) 
Conclusion
This study provides insight about the feasibility of combining SOM, SAHN and spatial analysis to study on homegardens. SOM can be used for analyzing the effect on socioeconomic factors and homegardens variables towards diversity of plant resource. A conclusion can be drawn that using such method may be useful tools to get better insight for the homegarden study. However, application SOM seems has not been developed to its full potential especially in homegardens research. More studies are required to further improve its performance in field of homegardens. 
